This editorial refers to 'Deoxycorticosterone acetate-salt hypertension activates placental growth factor in the spleen to couple sympathetic drive and immune system activation' by M. Perrotta et al., Excessive salt intake increases blood pressure in approximately one-half of hypertensive humans.
Excessive salt intake increases blood pressure in approximately one-half of hypertensive humans. 1 Despite substantial investigation, the precise mechanisms underlying this salt sensitivity remain unclear. In this issue of Cardiovascular Research, Perrotta et al. 2 demonstrate a critical role of sympathetic outflow to the spleen in the genesis of an experimental form of salt-dependent hypertension, the deoxycorticosterone acetate (DOCA)-salt model. They showed that either splenectomy or splenic denervation (by removal of the celiac ganglion) prevents the elevation of blood pressure caused by DOCA-salt challenge in mice. Traditionally, hypertension research has focused on the effects of sympathetic nerves on blood vessels and the kidney, where released norepinephrine causes vasoconstriction and promotes renin release and sodium reabsorption. But how could sympathetic innervation of the spleen affect blood pressure? Perrotta et al. illustrate an important role of the placental growth factor (PlGF) in this response. They show that DOCA-salt hypertension causes a striking increase in this factor in the marginal zone of the spleen, and that the hypertensive response to DOCA-salt is completely prevented in mice lacking PlGF. PlGF -/-mice were also significantly protected from renal immune cell infiltration, and renal injury as reflected by decreases fibrosis and preserved creatinine clearance. This work follows on prior research from this group showing a critical role of PlGF in Ang II-induced hypertension, 3 but shows for the first time how important this factor, and sympathetic activation of this factor is in salt-dependent hypertension. This article adds to a growing body of evidence that the immune system, and in particular T cells, play crucial roles in hypertension. Perrotta et al. show that the T cell-rich region of the spleen (white pulp) decreases in normal mice upon DOCA-salt hypertension but not in PlGF-deficient mice. This finding is compatible with T cell egress from the spleen, and illustrate for the first time that sympathetic nerves and PlGF are needed for this response. Classically, T cells require three signals for activation. Signal 1 is detection of an antigenic peptide in the context of a major histocompatibility complex by a specific T cell receptor. Signal 2 is co-stimulation, mediated by interaction between receptors on T cells and ligands of antigen-presenting cells. One of the best-characterized Signal 2 is mediated by the interaction of the B7 ligands CD80 and CD86 on antigen presenting cells with CD28 on T cells. We previously showed that deletion of B7 ligands or pharmacological inhibition of this interaction prevents both Ang II and DOCA-salt hypertension. 4 , the article by Perrotta et al. raises the question of the importance of the spleen as a secondary lymphoid organ. In the mouse, it seems to be very important, because splenectomy completely prevented the hypertensive response to DOCA-salt. Likewise, the authors elegantly showed that transplant of PlGF-deficient spleens to wild type mice prevented DOCA-salt hypertension. In humans and in other larger animals, one wonders if peripheral lymph nodes might also contribute, due to their relatively larger size. Of note, Kalpaktsoglou et al. 8 reported a compensatory increase in cellularity of the aortic and axillary lymph nodes following splenectomy in mice, suggesting that peripheral lymph nodes might have a compensatory role after splenectomy. Of note, we have also found that hypertension-specific memory T cells home to the bone marrow and can be reactivated by mild subsequent hypertensive challenges. 9 Importantly, the bone marrow and lymph nodes receive substantial sympathetic innervation. Likewise, tertiary accessory lymphoid tissues have been observed in atherosclerosis and other inflammatory states and might have a role in the systemic T cell response. 10 The action of PlGF in lymph nodes, the bone marrow, and accessory lymphoid tissues might mirror its effect in the spleen (Figure 1 ) but warrants further investigation. In summary, the article of Perrotta et al. extends our understanding of how the sympathetic nervous system can signal the adaptive immune system in hypertension, particularly in salt-induced hypertension. As the authors point out, this axis involving sympathetic nerves, PlGF, antigenpresenting cells, and ultimately T cells is a potential target for therapeutic intervention and certainly invites further investigation. Figure 1 The role of PlGF in the pathogenesis of hypertension.
Hypertensive stimuli such as salt, Angiotensin II, and cytokines/chemokines activates the sympathetic nervous system that innervates the spleen, secondary lymphoid organs, and the bone marrow. Activation of T cells occurs not only through the release of PlGF in the spleen but also possibly via analogous mechanisms in the lymph nodes and bone marrow. Activated T cells traffic to the kidney causing subsequent renal inflammation and end-organ damage, promoting the development of hypertension.
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